INTRODUCTION
============

Dental whitening has been increasingly sought out to improve dental aesthetics, as the procedure produces good results in the short term. For this reason, new whitening techniques have been developed and optimized to increase their effectiveness in removing stains, whether intrinsic or extraneous \[[@R1], [@R2]\]. Whitening agents, such as hydrogen peroxide (HP) and carbamide peroxide (CP), have been widely used because they are effective, low cost, conservative treatments \[[@R3]\].

High-concentration HP is used in dental clinics and is the treatment of choice for patients who do not adapt well to homemade whitening treatments, either because they are unable to use a whitening mouthpiece or because they wish for the more immediate results provided by high-concentration HP \[[@R4]\]. The mechanism of action for HP is based on the oxidation caused by the release of oxygen, which seeps through the pores present in the enamel prisms and reaches the dentin, breaking up organic molecules and yielding smaller compounds that are clearer and lighter \[[@R5]\].

Although dental whitening is effective, some studies report secondary clinical effects, such as gum irritation, dental hypersensitivity \[[@R5]-[@R7]\], and chemical and morphological changes in dental enamel surfaces subjected to different whitening techniques \[[@R2], [@R8]-[@R11]\]. High-concentration HP can cause clear microscopic changes, such as increased porosity, depression, surface irregularities \[[@R12]\], greater roughness, and lower microhardness \[[@R13]\].

Laboratory studies have revealed a reduction in the hardness of enamel whitened with high-concentration HP \[[@R14], [@R15]\], demonstrating that 35% HP qualitatively affects human dental enamel morphology \[[@R12]\]. China *et al.* \[[@R16]\] observed an *in vitro* increase in the hardness of bovine enamel whitened with 35%HP followed by topical application of fluoride.

It has been recommended that fluoride be combined with dental whitening to reduce the side effects of this treatment on dental structure. *In vitro* studies have reported that specimens subjected to whitening with high-concentration HP combined with fluorine featured fewer deleterious effects on the enamel surface after treatment \[[@R17]-[@R19]\].

However, *in vitro* studies have some limitations when compared to clinical and *in situ* studies because under laboratory conditions, there is no way to faithfully reproduce the oral conditions found *in vivo,* such as salivary flow, buffering capacity of saliva, oral hygiene and topical use of fluorides, which contribute to the remineralization of whitened enamel \[[@R20], [@R21]\].

This study aims to assess *in situ* the effects of fluorinated and non-fluoridated high-concentration whitening agents on human dental enamel through the ion chromatography test (IC) and the Knoop hardness test (KHN).

MATERIALS AND METHODOLOGY
=========================

Preparation of Specimens
------------------------

This work was reviewed and approved (protocol number 188,682) by the Ethics Committee of the Institute of Health Sciences, Federal University of Para (UFPA), Brazil. The teeth used in this study were donated by patients after signing an informed consent document.

A total of 19 erupted third molars without cracks and stains were selected. The teeth were cleaned and stored in distilled water until specimen preparation. Each tooth was sectioned transversally across the crown/root border, along the amelocemental junction, using a 4138 diamond drill bit (KG Sorensen, Sao Paulo, Brazil) under air/water cooling. The crowns were selected for the experiment, and the roots were discarded. The vestibular surfaces of the crowns were cut with a steel double-sided disk (KG Sorensen, Sao Paulo, Brazil) driven by a micromotor at low rpm (Atlantian Dhabi, Sao Paulo, Brazil) under water cooling to avoid burning the dental tissue and were standardized with number 4138 diamond tips (KG Sorensen, Sao Paulo, Brazil), yielding 19 specimens measuring 3mm X 3mm x 3mm. The trimmed portion always corresponded to the central area of the vestibular crown surface to obtain enamel prisms with similar slopes. The planning of surfaces from the specimens obtained was achieved with wet sandpaper at 400, 600 and 1200 grain, successively, under running water. Next, the enamel was polished on an APL-4 polisher (AROTEC Ltda, Sao Paulo, Brazil) with a felt disk combined with aluminum paste (Alpha Micropolishâ 10-Union Carbide, Greensburg, LA). The dental fragments were stored in distilled water until use.

*In Situ* Phase
---------------

A total of 5 volunteers, students of the Faculty of Dentistry at the Federal University of Para (UFPA), aged between 20 and 22 years, who met the inclusion and exclusion criteria shown in Table **[1](#T1){ref-type="table"}**, were selected for the study. The volunteers were informed about the study procedures and signed an informed consent document. For the volunteers to exhibit similar salivation patterns, during the selection, the pH and salivary flow of all participants were standardized.

Saliva collection was performed following the spitting method through mechanical stimulation with a sterile piece of latex for six minutes according to the methodology recommended by Navazesh \[[@R22]\]. Values were obtained for the speed of salivary flow through the gravimetric method described by Banderas-Tarabay *et al.* \[[@R23]\], and the salivary pH values of the volunteers were determined using a pH meter (Omega-Sao Paulo, Brazil) with a glass microelectrode previously calibrated with pH 4.0 and 7.0 standard solutions. Volunteers who produced a neutral salivary pH (pH = 7) and salivary flow speeds above 0.7 mL/min, considered a normal value according to the literature \[[@R24]\], were accepted to participate in this study.

To fix specimens on dental elements of the study volunteers, the adhesive system Adapter Single Bond 2 (3M/ESPE, Sao Paulo, Brazil) and the binding agent RelyX ARC (3M/ESPE, Sao Paulo, Brazil) were used. These materials were photopolymerized using an LED light source (Radii, SDI Limited, Bayswater, Victoria, Australia) on the vestibular surfaces of the upper and lower first molars according to the methodology described by Faraoni *et al.* \[[@R25]\]. All materials used were handled according to the manufacturers' guidelines.

The specimens and volunteers were divided into three experimental groups according to the whitening agent used and whitening protocol performed (Table **[2](#T2){ref-type="table"}**). The application of whitening agents followed the manufacturers' recommendations (Fig. **[1](#F1){ref-type="fig"}**); their compositions are described in Table **[2](#T2){ref-type="table"}**.

After conducting the whitening treatments, surfaces were polished using a felt disk coupled to a low-rpm drill using universal polishing paste (FGM, Santa Catarina, Brazil).

The volunteers received Even baby toothpaste without fluoride (Even, Pernambuco, Brazil) for oral hygiene during the whitening treatment. After whitening, the specimens were removed with pliers for removing orthodontic brackets (Quinelato, Sao Paulo, Brazil) and were taken to the laboratory for analysis.

Ion Chromatography Analysis (IC)
--------------------------------

Chemical quantification analyses were performed on three specimens for each group (n= 3). The dentin layer of the specimens was removed with a 4138 diamond tip (KG Sorensen, Sao Paulo, Brazil) coupled to a high-rpm motor (Atlantian Dhabi, Sao Paulo, Brazil) under a cooler. Only the enamel was left, which was then ground, autoclaved and subjected to acidic digestion by microwave radiation (MarsXpress-CEM, Sao Paulo, Brazil). The samples were digested in polytetrafluoroethylene (Teflon^®^) vials previously decontaminated in nitric acid (HNO~3~, 1% v/v) and were then washed with distilled and deionized water. Digestion by microwave was performed using approximately 0.1 grams of mass sample, 3 mL of nitric acid (HNO~3~) (Conc.), 1 mL of hydrochloric acid (HCl) (Comp.) and 1mL of HP (H~2~O~2~), after which the samples were taken to the microwave. The samples were transferred to polyethylene bottles with a final volume of 50 mL. Sample dilution (303x) was performed for the quantification of the chemical elements fluorine (F), calcium (Ca) and phosphorus (P) on an ion chromatograph (ICS2000DUAL, DIONEX, USA). The levels of chemical elements expressed by IC were in percentages (%), where 1% equaled 10,000 µg/g (ppm).

Microhardness Analysis (KHN)
----------------------------

Five specimens were used per experimental group (n= 5). Five indentations were conducted in each specimen and were separated by 100 µm using a load of 25 gf for 5 seconds on the microdurometer (FM-700, Future Tech Corp., Tokyo, Japan). Five readings were taken before whitening (KHN initial) and immediately after the last whitening session (KHN final).

The percentage of surface hardness (%KHN) was calculated using the formula:

  -----------------------------------------------------------------------------------------------------------
  $\%\mathit{KHN} = \frac{\mathit{KHN}(F)\operatorname{minus;}\mathit{KHN}(I)}{\mathit{KHN}(I)}\text{∗}100$
  -----------------------------------------------------------------------------------------------------------

Where KHN (I) is the average initial microhardness and KHN (F) is the average final microhardness.

Statistical Analysis
--------------------

The KHN data were tabulated in the statistical software BioEstat 5.0 (Instituto de Desenvolvimento Sustentável Mamirauá, Amazonas, Brazil) with a 5% significance level using ANOVA. For IC, a descriptive analysis of the data was performed.

RESULTS
=======

Ion Chromatography
------------------

The OP38 group showed higher values for the concentrations of F, Ca and P ions, while the PO37 group had lower concentrations of F and Ca ions than the CO group (without treatment), as shown in Table **[3](#T3){ref-type="table"}**.

Knoop Microhardness
-------------------

Table **[4](#T4){ref-type="table"}** shows that there were no statistically significant differences between the average initial and final KHN values of the experimental groups. The OP38 and PO37 groups showed increases in their KHN values at the end of whitening treatment.

DISCUSSION
==========

To decrease the deleterious effects of dental whitening on enamel, fluoride has been added to high-concentration whitening agents. The addition of F and Ca ions to these products is intended to increase the deposition of hydroxyapatite crystals and to slow the dissolution of minerals from human dental enamel \[[@R26], [@R27]\].

The results of this research indicate greater concentrations F, Ca and P ions in human dental enamel samples treated with a high-concentration whitening agent with fluoride in its composition. The whitening agent without fluoride showed lower values for F and Ca ions than the control group.

IC is a chemical analysis based on the phenomenon of ionic exchange. When combined with detection of conductivity and chemical suppression, IC makes it possible to measure the amounts of ions in the dental enamel \[[@R28]\]. This test has enabled observations of the ionic profiles of human dental enamel subjected to different treatments. The whitening agent with added fluoride with salivary action may have positively contributed to the increases in F, Ca and P ions in the OP38 group.

*In vitro* studies have shown significant reductions of mineral compounds in enamel after whitening \[[@R3], [@R15], [@R29]\]. However, in the present study, the PO37 group showed only slight reductions of F and Ca ions, while P ions increased even in the absence of fluorine, a phenomenon that can be explained by the remineralizing capacity of saliva, which includes Ca and P ions in its composition \[[@R21]\].

Analyzing the KHN of dental enamel revealed that the average KHN values obtained in this study for the different experimental groups did not differ significantly, indicating that fluorine combined with HP did not affect the hardness of human dental enamel subjected to whitening treatment. This result can be attributed to the low concentration of fluoride (1.1%) contained in the formulation of the product used, as reported by the product manufacturer. An *in vitro* study \[[@R30]\] found that specimens whitened with 35% HP containing 2% fluorine showed a significant increase in the KHN value when compared to specimens whitened using HP without fluorine, showing that the concentration of fluoride can influence the KHN of whitened enamel.

The PO37 group showed no significant change in the average KHN after whitening treatment, corroborating the results of Sa *et al.* \[[@R31]\], who did not find a significant difference between the KHN values of specimens before and after whitening treatments with high-concentration HP. This result can also be attributed to the protective effect of saliva, which is able to avoid deleterious effects on the chemical structure and mechanical properties of enamel due to its capacities for buffering, dilution and supplying Ca and P for dental remineralization \[[@R32]\].

New studies aimed at the variation of fluoride concentration associated with bleaching agents are necessary to elucidate the risks and benefits of the action of these products on dental enamel.

CONCLUSION
==========

According to the results found in this study, we conclude that enamel whitened with HP with fluoride featured greater concentrations of F, Ca and P ions. The presence of fluoride in the whitening agent was not able to influence the microhardness of enamel.
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###### 

Criteria for volunteer selection.

  -------------------------------------------------------------------------------------------------------
  **Inclusion criteria**                                     **Exclusion criteria**
  ---------------------------------------------------------- --------------------------------------------
  \- clinical crown of the first molars greater than 5 mm\   \- pregnant and breastfeeding\
  - the absence of cavities and / or periodontal disease\    - users of dental prosthetics\
  - normal pH and salivary flow                              - presence of restored teeth\
                                                             - users of orthodontic appliances\
                                                             - dental sensitivity\
                                                             - smokers\
                                                             - aquatic sports practitioners\
                                                             - suffer from gastroesophageal dysfunction

  -------------------------------------------------------------------------------------------------------

###### 

Experimental groups and the manufacturers and compositions of the whitening agents used.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Group**       **Whitening agent /**\                                                  **Composition**                                                   **Treatment**
                  **Manufacturer**                                                                                                                          
  --------------- ----------------------------------------------------------------------- ----------------------------------------------------------------- ----------------------------------------------
  **OP38**        Opalescence Boost PF 38% / Ultradent Products, South Jordan, UT, USA.   Hydrogen peroxide 38%, potassium nitrate and fluoride.            2 X 15 min/day, 1 session/week, for 3 weeks.

  **PO37**        Pola Office 37.5% / SDI Limited, Bayswater, Victoria, Australia.        Hydrogen peroxide 37.5%, additives, glycerol, water and aromas.   30 min/day, 1 session/week, for 3 weeks.

  **CO**\         \-                                                                      \-                                                                Without treatment.\
  **(CONTROL)**                                                                                                                                             (this group was used only for the IC test)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Percentages of F, Ca and P ions present in the samples.

  **Group (n= 3)**   **F**   **Ca**   **P**
  ------------------ ------- -------- --------
  CO                 0.28%   42.80%   32.32%
  OP38               0.38%   54.66%   44.61%
  PO37               0.23%   41.26%   34.46%

###### 

Averages and standard deviations of the initial and final values for Knoop microhardness (KHN) and percentages of microhardness.

  --------------------------------------------------------------------------------------------------
  **Groups**\   **Initial KHN**\                     **Final KHN**\                       **%KHN**
  **(n= 5)**    **Average and standard deviation**   **Average and standard deviation**   
  ------------- ------------------------------------ ------------------------------------ ----------
  OP38          344.6 ± 7.63 Aa^\*^                  360.1 ± 26.18 Aa^\*^                 4.40%

  PO37          347.2 ± 13.07 Aa^\*^                 356.8 ± 17.1 Aa^\*^                  2.70%
  --------------------------------------------------------------------------------------------------

\*Groups with the same letters are statistically similar (uppercase letters in columns and lowercase letters in rows).
